Single-locus disorders in domesticated animals were among the first Mendelian traits to be documented after the rediscovery of Mendelism, and to be included in early linkage maps. The use of linkage maps and (increasingly) comparative genomics has been central to the identification of the causative gene for single-locus disorders of considerable practical importance. The 'score-card' in domestic animals is now more than 100 disorders for which the molecular lesion has been identified and hence for which a DNA test is available. Because of the limited lifespan of any such test, a costeffective and hence popular means of protecting the intellectual property inherent in a DNA test is not to publish the discovery. While understandable, this practice creates a disconcerting precedent. For multifactorial disorders that are scored on an all-or-none basis or into many classes, the effectiveness of control schemes could be greatly enhanced by selection on estimated breeding values for liability. Genetic variation for resistance to pathogens and parasites is ubiquitous. Selection for resistance can therefore be successful. Because of the technical and welfare challenges inherent in the requirement to expose animals to pathogens or parasites in order to be able to select for resistance, there is a very active search for DNA markers for resistance. The first practical fruits of this research were seen in 2002, with the launch of a national scrapie control programme in the UK.
INTRODUCTION
In this review, the word 'disease' embraces disorders that arise independently of the intervention of any pathogen or parasite (diseases from within) and sickness resulting from pathogens or parasites (diseases from without). However, there is also a type of animal disease that straddles these two categories.
With Bill Hill having made many pioneering original contributions to animal breeding and genetics, and more broadly to quantitative and population genetics, it is perhaps not surprising that his contribution to animal breeding and disease has been less marked. In many cases, research into genetic aspects of disease is often descriptive, and, with some notable exceptions mentioned below, is relatively non-quantitative. In other words, it would have been a waste of Bill's rare mathematical talent to become too heavily engaged in describing the Mendelian inheritance or even the linkage of yet another inherited disorder. However, it is pleasing for this reviewer to note that Bill's very first paper (Hill et al. 1963) concerned an inherited disorder, and he has contributed to the general area of animal breeding and disease over the years. These contributions are covered at the end of this review.
DISEASES FROM WITHIN
Despite opinions occasionally expressed to the contrary, inherited disorders are part of nature. Mutations have been occurring ever since species existed, and germ-cell mutations have been giving rise to inherited disorders for just as long. In the years immediately following the rediscovery of Mendelism, it was natural that inherited disorders would be among the first traits to be investigated for agreement with Mendelian inheritance.
(a) Single-locus disorders In the very first textbook of genetics, Bateson (1909) compiled a catalogue of inherited disorders in animals: hairlessness and waltzing in mice; polydactyly in guinea pigs and cats; abbreviated tails in cats and dogs; extra toe, rumplessness and 'extraordinary development of the nostril' in chickens; and webbed foot in pigeons. In the 1913 edition of Bateson's book, short-leggedness in Dexter cattle was added to the list.
This humble list was rapidly expanded as biologists in both the old and new worlds found evidence of Mendelian inheritance almost wherever they looked. However, the more they looked, the more likely they were to discover exceptions to what is now known as Mendel's second law: the law of independent segregation. True to Bateson's (1909) prediction, the chicken led the way among non-laboratory animals in this trail of discovery, because of its relative ease of breeding, and because of the wealth of variants already known to be segregating within and among breeds. Four decades after Bateson published his first list of Mendelian traits in chickens, Hutt (1949) and Warren (1949) were able to report seven disorders in a chicken linkage map comprising five autosomal linkage groups plus a group for the Z chromosome. Though of considerable importance in illustrating the universal consequences of crossing-over in meiosis, linkage mapping of inherited disorders in chickens had little practical importance.
In contrast, the need for a means of controlling a Mendelian disorder in pigs drove the initial development of the porcine linkage map. This disorder, referred to as malignant hyperthermia (MH), exerted its powerful economic effect on pig breeding throughout the world via two related sets of clinical signs: pale, soft exudative (PSE) meat and porcine stress syndrome (PSS). By the 1980s, the locus for this disorder (now officially designated as 'MHS1', for malignant hyperthermia, susceptibility, locus 1) had been positioned quite accurately in a linkage group comprising seven loci spread across approximately 17 cM thought then to be on porcine chromosome 15 (Echard 1987) , but later shown to be on chromosome 6 (SSC6). Because alleles at some of these loci could be detected by protein electrophoresis, it was possible to select against the so-called 'hal' allele (thus named because MH could be detected to some extent in young pigs as an adverse reaction to the anaesthetic halothane) at the MHS1 locus on the basis of haplotypes for this region of SSC6. While effective, this use of linked markers was recognized as only a step along the path to discovery of the relevant coding sequence and hence the actual molecular lesion. By the late 1980s, molecular tools existed for sequencing segments of DNA, and the race to discover the molecular basis of MH was on. The story is worth retelling here, because it is a wonderful example of the power of comparative mapping, which is a key tool in the molecular unravelling of Mendelian disorders. Fittingly for a story about comparative mapping, the key discoveries were made by a human geneticist who initially trained as a plant geneticist.
David Maclennan and his colleagues at the University of Toronto were interested in tracking down the cause of MH in humans. From the pig literature, they knew that one of the loci in the porcine MHS1 linkage group was the coding sequence for glucose phosphate isomerase, GPI. Reasoning that if MH is linked to GPI in pigs, it would probably be linked to the orthologous locus in humans, Maclennan and his colleagues noted that GPI is located on chromosome 19 of humans (HSA19). Armed with this knowledge, they then performed a linkage analysis using markers in this region of HSA19 in families in which MH was segregating. Sure enough, the markers were linked to MH in humans. Then followed a period of academic serendipity, so often the essential ingredient of a major discovery. For many years, researchers had been studying a peptide of unknown function, called the 'ryanodine receptor' because of its ability to bind strongly to the plant alkaloid ryanodine. Later, this molecule was shown to be a calcium-release channel in skeletal muscle sarcoplasmic reticulum, controlling the flow of calcium ions in and out of muscle cells, and hence intimately involved in muscle contraction. Maclennan and colleagues realized that the gene for this molecule (called 'RYR1') was a candidate gene for the MH locus. Excitement mounted when they showed that RYR1 is closely linked to MH in humans (Maclennan et al. 1990 ) and in pigs . The race was then on to clone and sequence the RYR1 gene in both species. With help from Alan Archibald and colleagues from Edinburgh, who were able to provide pigs guaranteed to be homozygous for the normal and hal alleles at the MH locus, Maclennan and colleagues showed, after a Herculean effort of sequencing what turned out to be a very large gene (the cDNA comprises over 15 000 bases) in both homozygous genotypes, that the two alleles differed by 18 single-nucleotide polymorphisms (SNPs), 17 of which were silent (Fujii et al. 1991) . Fortunately for them, the other SNP turned out to be the causative mutation for MH, namely a C-T substitution at position 1843 that replaces Arg with Cys in the 'lid' region of the calciumrelease channel. The presence of Cys at this position in the hal allele leaves the lid more open, thereby allowing greater flow of calcium ions, which in turn gives rise to PSS and PSE that had caused millions of dollars worth of lost production round the world.
In the present context, the important conclusion from this story is that the exceedingly important discovery of the molecular basis of malignant hyperthermia resulted directly from the creation of a linkage map in pigs. Since that time, linkage maps have been the means to discovering linked markers and then the actual molecular lesion for many inherited disorders. A recent example is complex vertebral malformation (CVM) in Holsteins (Agerholm et al. 2001) , an autosomal-recessive, mostly lethal, disorder involving malformation of the vertebral column.
Another fascinating example of the power of mapping combined with comparative genomics concerns dominant white spotting. The story begins in 1986, when Besmer et al. (1986) discovered a feline retrovirus that causes cancer in cats. It turned out that the cancers arise because the retrovirus carries a host gene that becomes activated at inappropriate times following retroviral infection. The host gene was named C-KIT ('c' for cellular, and 'kit' for kitten), and the retroviral version of this same gene (classified as an oncogene, being a gene that causes cancer) was called V-KIT ('v' for viral). Having been naturally cloned by the retrovirus, the original host gene, termed a proto-oncogene, was then amenable to investigation. Linkage studies showed that KIT (its general name) maps to piebald spotting in humans and dominant white spotting in mice, suggesting that KIT is a coatcolour gene. Sure enough, that is what it is. In fact, KIT encodes the receptor for mast/stem-cell growth factor, and some elegant investigations by Andersson and colleagues (Johansson Moller et al. 1996; Marklund et al. 1998) in Uppsala, building directly on the previous work in humans and mice, have shown that this same gene is responsible for dominant white spotting in pigs, which is an economically important trait. Thus, we have the discovery of the cause of a particular type of cancer in cats leading to the discovery of a DNA marker for an economically important trait in pigs.
Yet another example of the power of mapping and comparative genomics is the discovery of the molecular basis of double-muscling in cattle. The double-muscle trait in cattle is characterized by an increase in muscle mass of approximately 20%, resulting in substantially higher meat yield, a higher proportion of expensive cuts of meat, and lean and very tender meat, for which a substantial premium is paid. The trait is autosomal recessive, and the locus was given the symbol MH (for muscular hypertrophy). The double-muscle trait occurs at such a high frequency in Piedmontese and Belgian Blue cattle that it is characteristic of these breeds. It also occurs in other breeds. Along with its obvious advantages, double-muscling also has one major drawback-a greatly increased incidence of calving difficulties, to the extent that Caesarean sections are the rule for deliveries within these breeds. However, its advantages are sufficient that doublemuscled cattle play a major role in animal agriculture in several countries, and are found in many countries. A genome scan using 213 mapped microsatellite markers in a Belgian Blue X Friesian backcross, conducted by Charlier et al. (1995) , showed that the MH locus is at the centromeric end of chromosome 2, approximately 3.1 cM from microsatellite TGLA44. Two years later, published the results of investigations into the gene for myostatin, GDF-8, a member of the transforming-growth-factor-beta-1 (TGFb1) superfamily of peptides. Mice in which the myostatin gene had been 'knocked out' have a phenotype very similar to double-muscling. This immediately suggested a candidate for the MH locus. Before long, both physical and linkage mapping had shown that myostatin maps to the MH region of bovine chromosome 2 (Grobet et al. 1997; Smith et al. 1997 ), making it a probable candidate for the MH gene. Then, sequencing of myostatin DNA from homozygous normals and double-muscled cattle revealed an 11-bp deletion, resulting in a frameshift and subsequent premature termination, in the bioactive carboxyterminal domain of the gene in Belgian Blue cattle (Grobet et al. 1997; Kambadur et al. 1997; . This is a region that is very highly conserved in the TGF family of peptides. The same mutation is responsible for double-muscling in the Asturiana breed (Georges et al. 1998; Grobet et al. 1998) . In contrast, double-muscled Piedmontese cattle have a G-A transition that changes a cysteine residue to a tyrosine in the same highly conserved region of the gene (Kambadur et al. 1997; . In a screen of 35 double-muscled cattle from 10 European breeds, seven different sequence alleles were discovered in the coding region of the myostatin gene (Georges et al. 1998; Grobet et al. 1998) . Five of these could cause a deficiency of myostatin: the 11 bp deletion already described; an insertion/deletion in which 10 unrelated bases are inserted in the place of 7 bases that have been deleted at nucleotide 418; a C-T transition at nucleotide 610; a G-T transversion at nucleotide 676; and a G-A transition at nucleotide 938. Two other mutants were unlikely to cause a deficiency: a C-A transversion at nucleotide 282 (resulting in a conservative Phe-Leu amino acid substitution); and a silent C-T transition at nucleotide 414. For most of the breeds, double-muscled animals were homozygous for one of the five harmful mutations, or were compound heterozygotes for two mutants. Obviously, there is considerable genetical heterogeneity in the cause of double muscling. Furthermore, the mutations are not all unique to one breed: two are shared by more than one breed. For example, the South Devon has the same 11 bp deletion allele as originally discovered in the Belgian Blue (Wiener et al. 2002) . However, its effect is not as severe in this breed, which raises interesting questions about regulatory factors. In addition, two breeds (Limousin and Blond d'Aquitane) have double-muscling, but do not have any of the five harmful mutations. Clearly, there are more harmful mutations to be discovered. More importantly, the discovery that mutations in the myostatin gene have a profound effect on meat yield and quality opens the way for elucidating the role of myostatin in meat production, which in turn will suggest novel (possibly non-genetic) ways of enhancing meat yield and quality.
(b) Online Mendelian Inheritance in Animals catalogue The stories outlined above merely skim the surface of the wealth of knowledge that has been accumulated on inherited disorders in animals. What is really needed by breeders and veterinarians is a comprehensive, up-todate list of all inherited disorders. Back in the 1970s, the present author set about compiling a catalogue of all inherited disorders in non-laboratory animal species, with the aim of creating a comprehensive single resource for information on disorders and other familial traits. This resource, known as Online Mendelian Inheritance in Animals (OMIA), has been freely available on-line 1 via the Australian National Genomic Information Service since 1995. A summary of the current state of knowledge is presented in table 1. It is a remarkable testimony to the power of modern genetic research tools that 126 disorders/traits have been characterized at the DNA-sequence level, and hence can be the subject of a DNA test. Moreover, this number is rapidly growing. It is also interesting to note the number of cases where mutations in the same coding sequence have been identified in more than one species, as illustrated in table 2.
(c) The challenge of intellectual property (IP) protection The potential availability of DNA tests arising from research into inherited disorders raises an interesting and worrisome issue. Around the world, researchers are increasingly under pressure from their employer or funding bodies to extract maximum financial gain from the development of a DNA test. In many cases, because the potential number of animals to be tested is not enormous, and the lifespan of the test will be limited to the number of years required to bring the disorder under control, it is not feasible to take out patent protection. Yet the intellectual property has to be protected in some way. A favoured and understandable strategy is to retain the discovery as a trade secret, thereby establishing a monopoly on the global market for testing. Two classic examples of this strategy concern bulldog dwarfism (Eggan & Boichard 2000) and CVM (Agerholm et al. 2001) in Holsteins. In both cases, the research was conducted by reputable researchers working in reputable institutions, and, in both cases, not even the location of the locus, let alone the identity of the coding sequence or details of the nature of the causal mutation, were released. Instead, the world learnt of the existence of a DNA test by press release (e.g. Anon 2001) or an announcement on an Internet discussion group (Eggan & Boichard 2000) .
This raises interesting challenges for colleagues in other laboratories: when local breeders seek advice about whether they should submit samples to the discovering laboratory for testing, the only option is to assume that the claims being made are true. This is a substantial departure from the traditional practice of announcing scientific discoveries only after the results of the research have been published following peer review. In describing this brave new world of scienceby-press-release, the present author is not being critical of researchers who have gone down this path. He, too, has been subjected to exactly the same pressures, and fully understands the new reality. However, as a scientist, he is concerned about the removal of the usual checks and balances inherent in peer review and public scrutiny at the very time when scientists are under so much pressure to produce marketable results.
(d) Multifactorial disorders There are many disorders that are familial because of shared genes, but which do not conform to single-locus Mendelian inheritance. Examples of these so-called multifactorial disorders are hip dysplasia and various forms of heart disease. Hip dysplasia in dogs is the archetypal example of a multifactorial disorder. Assessed by means of subjective evaluation of a radiograph of the hips, a dog's phenotype can be classified as either affected or normal (the simplest, binary classification system) or in any number of classification schemes involving more than two categories (summarized in fig. 30 of Willis 1989) . Then, standard quantitative genetics tools can be used to calculate estimated breeding values (EBVs) for liability to the disorder, based on the subjective evaluation of an animal and/or its relatives. Arguably, the most powerful classification scheme is one devised by Malcolm Willis, and now used in many countries. In this scheme, nine different aspects of each side (right and left) of a radiograph are scored subjectively on a scale from 0 (best) to 9 (worst), giving a total score ranging from 0 to 108 ( fig. 31; Willis 1989 ). When scored in this way, the phenotype becomes, in essence, a classic multifactorial trait, which, just as for the all-or-none classification, is readily amenable to the calculation of EBVs. While the literature has some excellent examples of the application of quantitative genetics in the control of multifactorial disorders (e.g. Maki et al. 2002) , it is disappointing to note that in countries like the USA and Australia, inferior ways of using the phenotypic data are still in use, involving the setting of arbitrary thresholds above which animals are excluded from breeding. Geneticists should do everything in their power to show breeders the power of EBVs in decreasing the incidence of multifactorial disorders (Nicholas & Thomson 2004) .
DISEASES FROM WITHOUT
There have been many investigations of the extent of genetic variation in response to pathogens and parasites across a broad range of non-laboratory animals. A useful summary of evidence up to the late 1990s was presented by Axford et al. (1999) . More recent knowledge has been reviewed by Bishop et al. (2002) . The conclusion that can be drawn from this wealth of knowledge is very simple: additive genetic variation for disease resistance is ubiquitous. Moreover, this ubiquity exists both within and among populations. The corollary is equally simple and important-selection for increased resistance to disease will be successful. When considering selection as a means of exploiting genetic variation in disease resistance, it is important to realize that the implications of selection can be wider than just its effect on the population undergoing selection. Much progress has been made in understanding these broader issues by a group of Edinburgh researchers, whose work is summarized by Bishop et al. (2002) and Bishop & Stear (2003) . Among other things, their broader approach embraces what they term genetic management strategies in controlling disease. One important aspect of this broader approach involves the recognition of pathways of infection.
(a) Pathways of infection
The bigger picture of infectious disease can involve various pathways of infection in relation to a host population and a reservoir of infection; there are pathways from reservoir to host, from host to host, and from host to reservoir. Not every pathogenic disease involves all pathways, but it is very useful to think in these terms when contemplating the overall impact of genetic management of disease. If, for example, selection in the host population can reduce not only infection within the host population, but also the flow of infection to the reservoir (e.g. with selection for resistance to internal parasites whose life cycle involves some time outside the host), then the reservoir will become a less important source of infection. Selection for resistance can also have an impact on populations exposed to the same reservoir that have not been selected. In other words, these pathways help us to understand the broader consequences of selection for resistance.
(b) Pathogen evolution Common sense tells us that the greater the success of artificial selection in increasing the level of resistance in a population, the greater will be the natural selection imposed on the pathogen to evolve in such a way as to overcome the resistance. Bishop et al. (2002) argued that the greater the number of genes and mechanisms involved in resistance, the less likely is the pathogen to evolve to overcome the resistance. Another relevant argument has been put by John Gibson (personal communication); resistance that has evolved naturally during the course of the evolution of a breed will probably present greater challenges to a pathogen than resistance that has been created by artificial selection within a population during a relatively few generations. This latter argument raises the issue of introgression of resistance genes from naturally resistant breeds into commercial populations.
Another issue is the extent to which genetic variation itself is a buffer against effective evolution of pathogens. Springbett et al. (2003) presented the results of a simulation study investigating the contribution of genetic diversity to the spread of infectious disease. Their conclusions-that the lower the level of genetic diversity in the host population, the greater the chance of extreme outcomes-provide a warning against aiming simply for selection for homozygosity at all loci affecting resistance.
(c) DNA markers for disease resistance Obviously, a major hurdle to the widespread application of selection for resistance to disease is that the requisite exposure to pathogens or parasites is often neither practicable nor acceptable on welfare grounds. Consequently, there is a very strong incentive for identification of DNA markers for disease resistance, which has stimulated a considerable research effort around the world. The search for DNA markers has proceeded along two somewhat overlapping paths: conducting genome scans and testing candidate genes.
Conducting genome scans for resistance to disease requires no prior knowledge of genes that could be involved. All that is needed is a population in which there is variation in resistance, and a set of DNA markers that together cover all regions of all chromosomes. A powerful population for this purpose comprises the segregating generation (F 2 or later) resulting from a cross between two populations that differ as far as possible in level of resistance, either from divergent selection or from widely disparate breeds. More common are genome scans conducted within breeds or populations on which detailed disease-resistance performance data are available. Several studies of this type have been published (see the review by Rupp & Boichard 2003) , and many more are currently underway. The result of genome scans for resistance is the identification of regions of chromosomes-so-called quantitative trait loci (QTL)-that contribute to variation in resistance.
Candidate genes are genes whose known function suggest a possible role in the trait of interest, in this case disease resistance. Examples included genes encoding immunoglobulins, cytokines, histoglobulins and pathogen receptors, and genes that have been shown to be associated with resistance in laboratory species. In the latter category are genes identified from the 1930s onwards in mice, from observations on segregating generations of crosses among resistant and susceptible inbred lines, e.g. Nramp I, now renamed as Slc11a1, encoding solute carrier family 11, member 1.
A major class of candidate genes comprise the major histocompatibility complex (MHC), a set of closely linked genes that encode peptides that act as the identity cards of the cell, enabling cells of the immune system to distinguish between self and non-self (the latter usually indicating infection). The atypically extensive polymorphism at these loci defies solely neutral explanations, and results in even the most ardent neutralist coming down on the side of selection (e.g. Black & Hedrick 1997) . The strong circumstantial evidence in humans that this selection probably existed when humans lived in less hygienic times led to great expectations that strong associations between particular MHC alleles and resistance/susceptibility to diseases would be found in animals, and that once found, such associations could be used for marker-assisted selection (MAS) for resistance. With the notable exception of poultry (Kaufman 2000) , this expectation has not been realized, despite the many papers published with claims of useful associations. In the main, these associations have not withstood critical analysis that correctly takes account of the multiple testing that is inherent in such studies. In chickens, however, the associations between particular MHC alleles (in particular B21) and resistance to Mareks disease virus (MDV) and Rous-sarcoma virus (RSV) are strong and repeatable. Why should chickens be the exception? Kaufman (2000) has argued that it is attributable, at least in part, to the relative smallness of the chicken MHC-that it encodes far fewer loci, and thus provides less variability behind which pathogens can 'hide'. However, this is not an entirely satisfactory argument, and we await a fully satisfactory explanation of why the MHC is so strongly associated with resistance in chickens.
While candidate genes are often used in one-off tests for association with disease resistance, they also are central to further investigation of QTL. If the map of the relevant species is sufficiently populated with genes, then one can search among the genes that are colocated with the QTL, looking for positional candidate genes. The list of possible candidate genes can be increased by looking in orthologous regions of maps of the better-mapped species (such as human and mouse), for comparative positional candidate genes. The more finely mapped the QTL, the less daunting is the list of candidate genes that results from this approach. While the identification of the causative gene can shed much interesting light on the biological basis of resistance, the identification of the causative gene is not necessary for the practical application of MAS; all that is required is for a strong association between the marker and resistance (a reflection of linkage disequilibrium between the marker and the unknown causative gene) at the population level.
There is great optimism that successful application of MAS for resistance to disease will result from the considerable present activity in this area.
DISEASE THAT IS BOTH FROM WITHIN AND WITHOUT
Spongiform encephalopathies are a class of fatal neurological diseases. Clinical signs are characteristic of a progressive degeneration of the central nervous system, including pruritis, abnormalities of gait and recumbency. Death is inevitable. On post-mortem, brain histopathology shows a characteristic spongy appearance. Much remains to be discovered about the infectious agent responsible for these diseases. Present understanding can best be described in terms of the prion hypothesis, which is due in no small part to the Nobel Prize winning work of Stanley Prusiner. According to this hypothesis (DeArmond & Prusiner 2003; Prusiner 2004) , the infectious agent is a modified form of a protein encoded by a gene in the host. The name given to this infectious particle is 'prion'. The host gene is called the 'prion protein gene' (PRNP), which is a normal part of the genome of mammals and birds. Its polypeptide product, called 'cellular PrP C ', is a naturally occurring protein attached to the outer surface of neurones and some other cells. PrP C appears to play a role in maintaining the Purkinje cells of the cerebellum, which are essential for balance and muscular function. The infectious agent, called 'scrapie PrP Sc ', is a modified form of PrP C , where the modifications involve glycosylation and the creation of intrastrand di-sulphide bonds. It is important to realize that these modifications involve no change in amino acid sequence. When PrP Sc molecules enter a previously uninfected host, they convert the naturally occurring PrP C molecules, produced by the host gene, into infectious PrP Sc particles, which ultimately cause clinical signs in that animal, and which can spread to other animals, both horizontally (by infection) and vertically (by maternal transmission).
In sheep, where the disease is called 'scrapie', evidence of association between particular haplotypes of the prion-protein gene and resistance to scrapie has been so strong (Hunter 1997 ) that national scrapie control programmes have been launched (Anon 2002; Arnold et al. 2002) -the first time that MAS for resistance to an infectious disease has been mandated at a national level. It remains to be seen whether the associations are sufficiently strong to render the schemes successful.
BILL HILL'S CONTRIBUTIONS TO ANIMAL BREEDING AND DISEASE
As mentioned earlier, Bill Hill's first paper (Hill et al. 1963) concerned an inherited disorder. In fact, it was the first report of a single-locus trait in Japanese quail. The paper is brief, but includes substantial data providing convincing evidence of autosomal recessive inheritance. In the 1980s, Hill contributed to two papers on the inheritance and effect of the hal allele in pigs (Carden et al. 1983 (Carden et al. , 1985 . An important contribution to animal breeding and disease was the paper by Mercer & Hill (1984) , which exemplified how classic quantitative genetics could be applied to disorders recorded in a binary (all-or-none) manner. While the concept of EBV was not yet in vogue at that time, the paper dealt with estimation of heritability of liability for various disorders, and genetic correlations between liability and production traits. As mentioned above, there is still an urgent need for the widespread application of this approach, especially with companion animals. The other aspect of Bill Hill's research that relates to animal breeding and disease concerns his several investigations of the behaviour of recessive mutations in populations under partial inbreeding , and, more generally, the conflict between artificial and natural selection (Hill & Mbaga 1998) . While these papers are written in a somewhat different context, much of their content relates to the age-old debate about the effect of inbreeding on the occurrence of autosomal-recessive disorders in animal populations. The last word has still to be written about this topic. As with so many other areas of animal breeding, exceedingly valuable insights into practical issues can be gleaned from a critical evaluation of population and quantitative genetics research that has been conducted in the broader sphere of evolution. After all, as Charles Darwin showed so elegantly, animal breeding is nothing more than applied evolution. With Bill Hill having made such a great contribution to this wider area of knowledge, the challenge is obvious; as a retirement project, Bill Hill should write a paper that brings his wealth of knowledge about the behaviour of recessives in populations to bear on the practical issues of the occurrence and control of single-locus disorders in animal-breeding programmes. Indeed, he has already dabbled with this topic Hill 1995; Hill et al. 1995) . We eagerly await the definitive paper.
Parts of this review have drawn heavily on entries in OMIA (http://www.angis.org.au/omia) and on material in another review by Nicholas (2003 
